Introduction: Among persons living with type 1-diabetes hypoglycemia and fear of hypoglycemia remain limiting barriers for achieving optimal glucose control and a good quality of life. Fear of hypoglycemia has been found stable over time if not treated. Uncooked cornstarch has been found to reduce the risk of hypoglycemia but has not been studied in relation to fear of hypoglycemia. The aims of this study were to through clinical data, self-reported measures and clinical interviews explore subjects' experience of using uncooked cornstarch before bedtime and their beliefs and experiences of fear of hypoglycemia. Methods: Mixed methods with both quantitative and qualitative data were used. Self-reported measures of hypoglycemia and fear of hypoglycemia were compared to subjects' responses during a clinical interview. The interviews were analyzed with a functional behavior analytical approach. Results: A total of five subjects took part in the study. One subject perceived the uncooked cornstarch helpful in reducing hypoglycemia. Several subjects could recall frightening hypoglycemic episodes triggering their fear. Three out of the five subjects reported avoidance behaviors such as excessive self-monitoring of blood glucose or overeating related to fear of hypoglycemia. Conclusions: The uncooked cornstarch was found appetizing but was not perceived as having an effect on BG or hypoglycemia frequency. The clinical interviews confirmed previous research regarding experience of hypoglycemia and fear of hypoglycemia.
Introduction
Hypoglycemia and fear of hypoglycemia (FoH) remain the greatest limiting factors in achieving glycemic control in type 1 diabetes [1] . The global HAT study found that overall hypoglycemia rates were high and rates of any-, nocturnal (NH) and severe hypoglycemia (SH) were 73.3, 11.3 and 4.9 events/patient-year for persons with type 1 diabetes [2] . Hypoglycemia is the most feared complication of diabetes [3] . A majority of persons with type 1 diabetes report experiencing FoH [4] with fear being more common in those above 50 years of age according to a recent study [5] . Böhme et al. [5] found that nearly 70% of those older than 50 reported FoH whereas 43.5% did in the group under the age of 18.
It is noted that women experience higher FoH than men [5] [6] [7] . Hypoglycemia experiences could influence the person's behaviors used in self-management to include more frequent self-monitoring of blood glucose, more contact with health care provider and to reduce attendance in the workplace. In addition, FoH could also lead to dysfunctional self-care behaviors including reduction in or skipping of insulin doses, excess calorie intake and avoidance of physical activity [8] .
Furthermore FoH is associated with problems with anxiety and with poorer QoL [5] [7] . Partners also report hypoglycemia fear being a major concern [9] . A recent study found that FoH was associated with greater glycemic variability and higher caloric intake and less physical activity [10] . Women have reported high levels of external eating styles which mean eating for non-nutritive reasons and this was associated with high level of diabetes distress and could be related to strategies to avoid the threat of hypoglycaemia [11] . FoH seems to be greater at night and could contribute to poor sleep quality [12] . Experience of frequent nocturnal hypoglycemia (NH) or frequent severe hypoglycaemia (SH) is associated with greater FoH in persons with type 1 diabetes [6] [7] . Continuous glucose monitoring has showed that 52% -84% of persons with type 1 diabetes develop biochemical hypoglycemia during sleep, even if these events are mostly asymptomatic and their severity is difficult to determine [13] [14] . The effects of NH events continued longer than those of daytime events in individuals with type 1 diabetes 10.6 vs. 4.9 hour [15] . Moreover, NH events had a greater impact on the individual's well-being and work-time on the following day compared with daytime episode [15] [16] .
Despite advances in technology, insulin analogs, and evidence-based diabetes management the problem with hypoglycemia and FoH remains [12] . A recent longitudinal study showed that FoH is stable over time if untreated [17] 
Aims
This study aimed through clinical data, self-reported measures and clinical interviews to explore:
− The subjects' experience of using uncooked cornstarch before bedtime;
− The subjects' beliefs of how their FoH developed;
− Possible maintaining factors in FoH in order to in the future develop effective interventions for FoH.
Methods
The study used both a quantitative and qualitative approach with clinical data and self-reported measures of fear of hypoglycemia and hypoglycemic episodes as well as clinical interviews.
Subjects
Subjects were recruited from a previous longitudinal study on fear of hypoglycemia (FoH) in type 1-diabetes [17] . Subjects who in 2014 had reported a high level of FoH and a high risk of severe hypoglycemia (n = 32) were asked to participate. A high level of FoH was defined as scoring ≥ 75 percentile on the Hypoglycemia Fear Survey (HFS) and a high risk of SH as having reported one or more episodes of SH in the previous 12 months in the above-mentioned study.
Materials and Methods
The study's primary approach was qualitative with an addition of quantitative measures of daytime and nocturnal episodes of hypoglycemia, HbA1c, FoH and weight before (baseline) and after the intervention. items measuring behavior done in order to avoid hypoglycemia or the consequences of hypoglycemia, score range from 0 to 40. In this study we used a Swedish translation of the Hypoglycemia Fear Survey (Swe-HFS) [27] . The uncooked cornstarch used in this study was in the form of a snack bar (Extend Bar®), which comes in different flavors (chocolate, apple-cinnamon, mixed berries and peanut butter). Each bar weighas 40 grams and contains 5 grams of uncooked cornstarch.
The qualitative clinical interview and following analysis was conducted using a behavior analytic approach. The theoretical foundation of behavior analysis is learning theory, a theory to which Pavlov and Skinner, among many others have contributed with the principals of classical and operant conditioning [28] . Included here is also cognitive aspects developed by Bandura and Beck etc [29] . Behavior analysis as a method has previously been used in research resulting in effective treatment of for instance anxiety, depression and autism [30] . The interviews in this study thus had a clinical focus on the experience of using uncooked cornstarch and how each subject perceived its effect on BG-levels and FoH as well as on the subject's previous experience of hypoglycemia and FoH. Questions on experience and handling of hypoglycemia and FoH were asked in order to explore possible triggering and maintaining factors of FoH in order to do a functional behavior analysis on FoH for each subject [28] . Each interview was guided by an interview schedule, developed by the first author based on the literature and professional experience. The interviews were transcribed verbatim and each interview was read through several times before identifying text related to each theme. In the analysis the subjects' answers were related to quantitative results from scores on HFS, self-reported frequencies of hypoglycemia and HbA1c.
Procedure
Subjects were instructed to self-register daytime and nocturnal episodes of hypoglycemia during one month before starting the intervention with the uncooked cornstarch using a diary sent to them by mail. A research nurse took baseline measures of HbA1c and weight during a visit to the medical clinic one month later. Duration of diabetes was collected from medical records. During the visit, the subjects also filled out baseline HFS and were informed about when to eat the uncooked cornstarch during the study, i.e. to eat one to two snack bars before going to bed at night. Subjects were instructed to continue to self-register daytime and nocturnal episodes of hypoglycemia during the two-month intervention and to proceed with the remaining self-care as usual. After the two-month intervention period measures were again taken using the same procedure as at baseline. Within a month after the intervention period, a diabetes-educated psychologist conducted a semi-structured audiotaped interview, which lasted 60 minutes with each subject.
Statistical Analysis
Statistical analysis was conducted using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used for demographic and clinical data. Changes in FoH was also evaluated using the criterion for Minimum Clinically Important Difference (MID) as identified by Stargardt et al. [31] where the mean difference in HFS-Worry score between those experiencing a severe event of hypoglycemia and those without SH is considered MID which here is a difference of 5.5 points on HFS Worry.
Ethical Consideration
The study was approved by the regional ethical review board, DNR 2015-1550-31-4.
Results
A total of five persons (three women and two men) out of the 32 eligible participated in the clinical interviews. The mean age was 62 ± 12 years, mean duration 46.6 years ± 12.8 and mean HbA1c 63 mmol/mol ± 9.8. Demographic, clinical and self-reported data on fear of hypoglycemia is presented in Table 1 .
The Subjects' Experience of Using Uncooked Cornstarch before Bedtime
Themes that were explored were the subjects' experience of the edibility of the This person also experienced a weight gain of 1.5 kg during the intervention period and expressed concern about this.
Another person, who experienced problems with jaw and teeth found the bar to be somewhat hard to chew and therefore dissolved the bars in milk.
Influence on glucose levels
The subjects expressed mixed experiences of how the cornstarch affected glucose levels. One person experienced higher glucose levels in the mornings. Yet another was very positive.
"Well, it was actually a good thing, because in these two months (pauses) my blood sugars were in balance actually, both during the night and in the following day, because they (cornstarch bars, authors remark) had a long lasting effect".
The remaining three interviewed subjects did however not experience an effect on glucose levels.
Influence on hypoglycemia frequency
Using cornstarch before bedtime was experienced as helpful in eliminating nocturnal hypoglycemia in one subject whereas three subjects expressed that the cornstarch had no effect on hypoglycemia frequency. The fifth subject had expected a positive effect that did not occur when BG was checked. Furthermore, the same subject reported more hypoglycemic episodes during the intervention but referred them to a change in other living habits during the intervention period. Individual scores on HFS worry, HFS Behavior, frequency of nocturnal and daytime hypoglycemia pre and post intervention is found in Figures 1-4. 
The Subjects' Beliefs of the Origin of FoH and Possible Maintaining Factors
Frequency of nocturnal and daytime hypoglycemia, experience of severe hypoglycemia, hypoglycemia symptoms, strategies preventing and treating hypogly- severe episodes of hypoglycemia and had several times had to go by ambulance to the hospital.
Preventing and treating hypoglycemia
In the case of nocturnal hypoglycemia he described usually waking up feeling low and then drinking milk or eating something sweet. To prevent daytime hypoglycemia he avoided going for walks before he has his mid-morning coffee with a sandwich or cake. He reported always bringing a banana or some chocolate when being physically active but emphasized that he did not allow diabetes to prevent him from doing anything.
The role of kindred
The subject described his wife as being very important in his diabetes care and especially concerning hypoglycemia.
"We are a good team".
His wife was good at detecting low glucose in the patient and woke him or made sure he ate something.
Fear of hypoglycaemia
During the interview the subject expressed a low degree of fear of hypoglycemia (from 0 to 5 on a scale from 0 to 10).
"I'm extremely rarely worried".
On HFS-Worry subscale he had a low score (Figure 1 ). His wife said he was more worried about high glucose values. She on the other hand was worried about him having hypoglycaemia. The subject described appropriate strategies preventing and treating hypoglycemia such as checking glucose and eating when low. Hedid not describe any avoidance behavior related to hypoglycemia. Histotal scores on the HFS were fairly stable since 2010 (Table 1 ) with no MID in HFS Worry during the intervention (Figure 1 ). There was also no difference in the subjects self monitored frequency of hypoglycemia ( Figure 3 and Figure 4 ).
Subject 2 Hypoglycemia history and symptoms
The subject estimated that she has a hypoglycemic episode on average every "Let's see, it's been three hours since I ate and my BG was only six this morning. Then it may be low, and I have had a quiet morning without stress which usually makes BG drop faster. I've learned to put together all the factors, I think."
The role of kindred People around her noticed her being hypoglycemic before she did, especially her adult children who also would tell her to eat something in a way that did not make her upset. Her husband however, did not notice as often and there was often a conflict if he said anything. She described being angry with him for not showing enough interest in her diabetes. For instance, not participating in diabetes education or doctors visits.
Fear of hypoglycaemia
She expressed fear of hypoglycemia but said that fear of hyperglycemia and long-term complications such as going blind or having to amputate a leg were even greater. Worrying about hypoglycemia occurred when she did physical exercise or was at an event. Her main fear was that no one would find her when she was unconscious and that she therefore would die from the episode. The subject could recall several frightening hypoglycemic episodes, the first one being her very first severe hypoglycemia. She was in her late teens, riding her bike with some older friends when she became unconscious. The starting point of her fear of hypoglycemia she believed was in the hospital when she was diagnosed with type 1diabetes:
"No, I do remember the very first time I had a hypo and it was a provoked hypo at night at this children's hospital. …and then… I actually think someone woke me up who patted me and said" (subject's name), you need to remember how you feel now, because this is low blood sugar"
The subject described that she earlier in life checked her BG compulsively as a strategy to avoid both hypo-and hyperglycemia. She used to try to correct BG if it was too high or low leading to an oscillating BG. Furthermore, before physical exercise or an event she made sure her BG was high in order to avoid becoming hypoglycemic. Her HFS-scores had been high since 2010 and increased further in 2014 (Table 1) . However, there was no MID in HFS Worry during the intervention (Figure 1 ). Her self-monitored frequency of daytime hypoglycemia indicated fewer episodes during the intervention with uncooked cornstarch than pre-measures ( Figure 4) . As far as nocturnal episodes she reported none pre-intervention and one during the intervention (Figure 3 ).
Subject 3
Hypoglycemia history and symptoms This person had irregular and unpredictable hypoglycemic episodes possibly due to her diabetes being secondary to a pancreatitis. For several weeks she would have no hypoglycemic episodes whereas other weeks were described as "a roller coaster ride" with many episodes. She had impaired awareness with no clear symptoms of hypoglycemia.
Preventing and treating hypoglycemia
Because of the impaired awareness she relied on the alarm on her Dexcom to warn her. She brought dextrose with her and at home she used honey to treat a hypoglycemia.
"So I just take a spoon of honey and place it inside my cheek. There are so many blood vessels there so just ... slurp! Much faster acting than otherwise"
The role of kindred Her mother and children noticed when her BG was low, as well as her cat who then bite her. All of them were, according to her, helpful and supportive. However, she also described that her ex-husband was not supportive while they were married.
Fear of hypoglycaemia
This subject did not describe any fear of hypoglycemia currently as well as historically. (Table 1) . There was no MID in HFS Worry during the intervention (Figure 1 ). Her self-monitored frequency of daytime hypoglycemia indicated the same level of episodes during the intervention with uncooked cornstarch than pre-measures ( Figure 4) . As far as nocturnal episodes she reported one pre-intervention and two during the intervention (Figure 3) . Subject 4 Hypoglycemia history & symptoms
He rarely had hypoglycemic episodes unless he changed insulin regimen. On a few occasions he had become unconscious due to hypoglycemia. This had happened in social situations. The clearest hypoglycemia symptoms for him were sweating and a change in his sense of humor as he become ironic in his joking when low.
Preventing and treating hypoglycemia The role of kindred While they were married his ex-wife used to notice when he had a hypoglycemic episode.
Fear of hypoglycaemia
The subject described that he had always been more afraid of hypoglycemia than hyperglycemia. According to him he was at his best when his BG was a little higher than optimal. His fear of hypoglycemia was about loosing control or performing badly at work. The subject experienced a severe hypoglycemia while at work abroad in the beginning of his career and was admitted to hospital. That experience was according to him, what triggered his fear. He coped with his fear by eating and did not abstain from any activities because of his fear. His scores on the HFS were fairly stable since 2010 (Table 1 ) with no MID in HFS Worry during the intervention (Figure 1 ). There was however an increase in the subjects self monitored frequency of hypoglycemia during the intervention ( Figure 3 and Figure 4) . Subject 5 Hypoglycemia history and symptoms
Hypoglycemia frequency varied greatly for this subject. During the study period she experienced approximately three to four episodes a week. She had had several severe episodes, all of which had occurred during night time while asleep. One episode, according to her, was so severe that she nearly died from it. The main symptoms were related to mood as she became aggressive and shouted, but she had also had seizures. Daytime symptoms were tiredness, stiffness, a cold sweat and shakiness. She had during a few time periods experienced impaired awareness related to trying to keep her BG low.
Preventing and treating hypoglycemia
To prevent hypoglycemia she frequently checked her BG. If low she ate whatever was at hand.
The role of kindred This person described that hypoglycemia had affected her family, both her husband and her child in a negative way. Her husband did not understand that she could not control her behavior when hypoglycemic and therefore often become accusatory towards her. Her child had seen her having a severe hypoglycemia and was terrified by the experience.
Fear of hypoglycaemia
The subjects fear was primarily that a nocturnal hypoglycemic episode where she became aggressive or had a seizure could traumatize her child. This fear had increased lately due to the recent severe episodes her child had witnessed. She reported experiencing shame related to her behavior during nocturnal hypoglycemia but not related to daytime episodes. She coped with her fear by frequent BG-testing and by keeping her BG high to be on the safe side especially at night. She did not go to bed until her BG was above 10. Her increased scores on HFS from 2010 to 2014 corroborated the increased FoH she reported on during the interview (Table 1) . There was an MID in HFS Worry during the intervention (Figure 1 ) as well as an increase in hypoglycemia frequency (Figure 3 and Figure 4) .
Discussion
In this study we have through clinical data, self-report measures and semi-structured clinical interviews explored beliefs and experiences of fear of hypoglycemia and use of uncooked cornstarch before bedtime in five persons with type 1-diabetes.
The subjects' experience of using uncooked cornstarch before bedtime
In the interviews subjects reported that the uncooked cornstarch given to them as a snack-bar was found appetizing for most of them which is a basic condition for this being a possible intervention. There was however a low perception of the cornstarch affecting BG in general and hypoglycemia in specific. Perhaps the dosage of uncooked cornstarch was too low for an effect as the subject ate one bar containing 2 -4 grams and studies reporting an effect on nocturnal hypoglycemia used a bar containing 5 grams [23] .
The subjects' beliefs of the origin of FoH and possible maintaining factors Several subjects could recall frightening hypoglycemic episodes and believed these to be what historically triggered their FoH, something that earlier research supports [6] . The interviews revealed that four out of the five subjects during some time period had experienced impaired hypoglycemic awareness and all of them had experienced several episodes of severe hypoglycemia. Both of these factors are associated with FoH [6] . Several of the subjects described losing control of their behavior as their main fear but also fear of not waking up or even dying from the hypoglycemia emerged.
Regarding maintaining factors subjects two, four and five all reported using avoidance behaviors such as excessive BG-testing, overeating and limiting activities to avoid or reduce FoH. All of these behaviors are previously known to be common strategies to reduce FoH [32] . The problem with these avoidance behaviors is that the fear reduction is short-term and in fact maintains the person's fear, can lead to an increased risk of long-term complications and reduces QoL [33] . The remaining two subjects (one and three) did not express FoH during the interviews while their HFS-scores were comparable to the other three subjects. The discrepancy between HFS-score and interviews is somewhat puzzling.
One plausible explanation may be that these subjects found it easier to report FoH through the more anonymous HFS than during an interview with a psychologist.
All of the subjects described that kindred were helpful in detecting and in some instances, treating hypoglycemia. Some reported their partner as supportive whereas others received more support from children or parents. The latter subjects instead experienced their partner as non-supportive and even accusatory when they were hypoglycemic. It is well known that experience of severe hypoglycemia is associated with conflicts about diabetes management in close relationships [34] .
An interesting find is that several of the subjects described also having fear of hyperglycemia. This may lead to a constant balancing act where the threat of either being too high or too low is ever present and may lead to a feeling of being trapped or a feeling of helplessness such as reported by Shiu (2002) [35] .
Strengths and limitations
The foremost strength of this study is the combination of quantitative and qualitative methods. Furthermore longitudinal data enables us to compare FoH over time and relate this to the interviews. A limitation is that only 5 out of 32 eligible subjects agreed to be included in the study. This together with the facts that the subjects were all relatively old, had long diabetes durations limits the generalizability of the results. One possible explanation of the low participation rate may be that hypoglycemia and fear is something they are reluctant to share with others. Another explanation may be that they are not comfortable speaking to a psychologist. Another explanation was that the study was too time consuming.
Conclusion
In conclusion, the uncooked cornstarch in the form of a snack-bar was found appetizing but was not perceived as having an effect on BG or hypoglycemia frequency. Furthermore the clinical interviews confirmed previous research regarding experience of severe hypoglycemia being a common trigger of FoH as well as using excessive BG-testing, overeating and limiting activities as avoidance behaviors maintaining FoH.
